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(57) ABSTRACT 

The present invention provides a process for producing an 
epoxy resin composition for semiconductor encapsulation 
Which, When used in encapsulation of a semiconductor chip, 
can minimize voids appearing in the semiconductor device 
obtained. That is, the present invention provides a process 
for producing an epoxy resin composition for semiconductor 
encapsulation, Which comprises premixing raW materials 
containing at least an epoxy resin, a phenolic resin, a curing 
accelerator and an inorganic ?ller, then grinding the result 
ing premix using a grinder to obtain a ground material 
having such a particle siZe distribution that particles having 
particle diameters of 250 pm or more are 10% by Weight or 
less, particles having particle diameters of 150 pm to less 
than 250 nm are 15% by Weight or less and particles having 
particle diameters of less than 150 nm are 75% by Weight or 
more, and melt-kneading the ground material under a 
reduced pressure, or melt-kneading the ground material and 
then exposing the resulting molten material to a reduced 
pressure. 

17 Claims, No Drawings 
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PROCESS FOR PRODUCTION OF EPOXY 
RESIN COMPOSITION FOR 

SEMICONDUCTOR ENCAPSULATION, 
EPOXY RESIN COMPOSITION FOR 

SEMICONDUCTOR ENCAPSULATION, AND 
SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

The present invention relates to a process for producing 
an epoxy resin composition for semiconductor encapsula 
tion Which, When used in encapsulation of a semiconductor 
chip, can minimize voids appearing in the semiconductor 
device obtained; an epoxy resin composition produced by 
using the above process; and a semiconductor device pro 
duced by using the above epoxy resin composition. 

BACKGROUND ART 

Epoxy resin compositions, Which can be subjected to 
transfer molding, are in Wide use for encapsulation of 
semiconductor chips such as IC, LSI and the like, from the 
vieWpoints of their reliability and productivity. 

Epoxy resin compositions are composed of an epoxy 
resin, a phenolic resin, a curing accelerator, an inorganic 
?ller, a releasing agent, a ?ame retardant, a coupling agent, 
etc. The compositions are ordinarily produced by Weighing 
required amounts of raW materials, premixing them by using 
a mixer such as Henschel mixer or the like, then melt 
kneading the resulting premix by using a heated kneader 
such as monoaxial kneader, biaxial kneader, heated roll, 
continuous kneader or the like, to mix and disperse the 
individual raW materials uniformly. 

As electronic appliances have become smaller, lighter and 
more functional, the semiconductor packages used therein 
have become increasingly smaller, thinner and narroWer in 
pitch. In such a situation, epoxy resin compositions used for 
semiconductor encapsulation are strongly required to have 
higher soldering heat resistance and higher moisture 
resistance, because the heat resistance and moisture resis 
tance have an in?uence on the reliability of the semicon 
ductor packages obtained by encapsulation using the epoxy 
resin compositions. 

Therefore, epoxy resin compositions have come to con 
tain an increased amount of an inorganic ?ller so that the 
semiconductor packages obtained thereWith can have loWer 
internal stress and loWer hygroscopicity. This increase in the 
amount of the inorganic ?ller used, hoWever, has reduced 
?uidity during encapsulation and has increased defects in 
molding, such as lead frame deformation, gold Wire 
deformation, voids generation and the like. 

Against the above problems, it is being tried to keep 
?uidity of an epoxy resin composition and improve the 
?lling characteristic thereof by optimiZing the particle shape 
and particle diameter distribution of the inorganic ?ller used 
or by minimiZing the viscosities of the used epoxy resin, 
phenolic resin, etc. at encapsulation temperature. HoWever, 
the task of decreasing voids is difficult to achieve and is 
draWing increasing attention. 

The voids of an epoxy resin composition is considered to 
be reducible by increasing the degree of kneading of the 
composition in the melt-kneading step to improve the Wet 
tability betWeen the resin components and the inorganic 
?ller and the dispersibility of the inorganic ?ller. HoWever, 
in some cases the increase in the kneading degree in the 
melt-kneading step alone causes a curing reaction of the 
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2 
composition by the thermal history added in the step and 
consequently impairs the ?uidity of the composition. 

Hence, there have been used, for example, processes 
Which comprise combining only those raW materials Which 
cause no curing reaction at the premixing step, among all 
materials, and melt-mixing the combined raW materials at a 
temperature higher than the temperature at Which they melt 
or soften, and then conducting melt-kneading for all the raW 
materials (eg JP-A-56-149454, JP-A-4-59863 and JP-A-3 
195764). 

There have also been proposed, for example, processes 
Which comprise selecting an optimum heated kneader and 
employing optimum kneading conditions to minimiZe the 
curing reaction occurring in the heated kneader and improve 
the Wettability betWeen the resin components and the inor 
ganic ?ller and the dispersibility of the inorganic ?ler (e.g. 
JP-A-9-52228). 

HoWever, in conducting melt-mixing at a high tempera 
ture in the premixing step, the raW materials usable therein 
have been restricted. Further, only With the selection of an 
optimum kneader and the use of optimum kneading 
conditions, it has been difficult to reduce the generation of 
voids stably. 

For solution thereof, it is considered to make ?ner and 
more homogeneous the premix of raW materials prior to 
their melt-mixing, to reduce the generation of voids. 

HoWever, it has been found that only With making ?ner 
and more homogeneous the premix of raW materials prior to 
their melt-mixing, remarkable reduction in voids generation 
is dif?cult and further improvement is necessary, in a resin 
composition Wherein a loW-viscosity resin, particularly a 
crystalline epoxy resin and a loW-viscosity phenolic curing 
agent are used and thereby the content of an inorganic ?ller 
is increased in order to further increase the soldering heat 
resistance of the composition. 

DISCLOSURE OF THE INVENTION 

The present invention relates to a process for producing 
an epoxy resin composition for semiconductor encapsula 
tion Which, When used in encapsulation of a semiconductor 
chip, can minimiZe voids appearing in the semiconductor 
device obtained. The present invention also provides an 
epoxy resin composition for semiconductor encapsulation, 
very loW in voids generation, and a semiconductor device 
produced by encapsulation With the composition. 

The present inventors made a study in vieW of the 
above-mentioned situation. As a result, the present inventors 
found out neWly that the voids generation in an encapsulated 
material produced With an epoxy resin composition can be 
remarkably reduced by making ?ner and more homogeneous 
a premix of raW materials prior to their melt-kneading, then 
melt-kneading the resulting material under a reduced pres 
sure using a kneader, or melt-kneading the material using a 
kneader, folloWed by, for example, passing the resulting 
molten material through an apparatus of reduced pressure. 
The present invention has been completed based on the 
above ?nding. 
The present invention lies in a process for producing an 

epoxy resin composition for semiconductor encapsulation, 
Which comprises premixing raW materials containing at least 
an epoxy resin, a phenolic resin, a curing accelerator and an 
inorganic ?ller, then grinding the resulting premix using a 
grinder to obtain a ground material having such a particle 
siZe distribution that particles having particle diameters of 
250 pm or more are 10% by Weight or less, particles having 
particle diameters of 150 pm to less than 250 pm are 15% by 



US 6,733,901 B2 
3 

Weight or less and particles having particle diameters of less 
than 150 pm are 75% by Weight or more, and melt-kneading 
the ground material under a reduced pressure. 

The present invention lies also in a process for producing 
an epoxy resin composition for semiconductor 
encapsulation, Which comprises premixing raW materials 
containing at least an epoxy resin, a phenolic resin, a curing 
accelerator and an inorganic ?ller, then grinding the result 
ing premix using a grinder to obtain a ground material 
having such a particle siZe distribution that particles having 
particle diameters of 250 pm or more are 10% by Weight or 
less, particles having particle diameters of 150 pm to less 
than 250 pm are 15% by Weight or less and particles having 
particle diameters of less than 150 pm are 75% by Weight or 
more, melt-kneading the ground material, and exposing the 
resulting molten material to a reduced pressure. 

In a preferred embodiment of the above processes, the 
reduced pressure is 460 mmHg or less When normal pressure 
is 760 mmHg and the melt-kneading is conducted using a 
biaxial kneader or a monoaxial kneader. 

The present invention lies further in an epoxy resin 
composition for semiconductor encapsulation, produced by 
using the above process for producing an epoxy resin 
composition for semiconductor encapsulation, as Well as in 
a semiconductor device produced by using the epoxy resin 
composition for semiconductor encapsulation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As to the epoxy resin used in the present invention, there 
is no particular restriction as long as it has at least tWo epoxy 
groups in the molecule and is a solid at normal temperature. 
There are mentioned, for example, bisphenol type epoxy 
resin, biphenyl type epoxy resin, phenol novolac type epoxy 
resin, cresol novolac type epoxy resin, and alkyl-modi?ed 
triphenolmethane type epoxy resin. These resins may be 
used singly or in admixture. 

When a crystalline epoxy resin such as biphenyl type 
epoxy resin or the like is used, the resin preferably has a 
melting point of 50 to 150° C. When the melting point is less 
than 50° C., a rise in resin temperature takes place in the 
premixing of raW materials, oWing to the generation of a 
frictional heat, and melting begins; as a result, the Work 
ability of premixing is reduced and a slight reduction in 
productivity may appear. 

MeanWhile, When the melting point is more than 150° C., 
a very high temperature is needed in order to melt the epoxy 
resin in the step of melt-kneading; as a result, it is dif?cult 
to prevent the proceeding of a curing reaction and it may be 
impossible to alloW the ?nal resin composition to have 
appropriate ?uidity during encapsulation. 

The melting point can be knoWn easily according to an 
ordinary method of judging the melting temperature of a 
resin in a glass capillary, from the appearance of the resin, 
or a method of using a differential scanning calorimeter. 

The amount of the epoxy resin used is preferably 2.5 to 
17% by Weight in the total composition. 
As to the phenolic resin used in the present invention, 

there is no particular restriction as long as it is a solid at 
normal temperature. There are mentioned, for example, 
phenol novolac resin, cresol novolac resin, 
dicyclopentadiene-modi?ed phenolic resin, phenol aralkyl 
resin, naphthol aralkyl resin and terpene-modi?ed phenolic 
resin. These resins may be used singly or in admixture. The 
amount of the phenolic resin used is preferably 2 to 13% by 
Weight in the total composition. 
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4 
As the inorganic ?ller used in the present invention, there 

are mentioned fused silica poWder, crystalline silica poWder, 
alumina, silicon nitride, etc. These ?llers may be used singly 
or in admixture. 

The inorganic ?ller may be an inorganic ?ller Which has 
been surface-treated With a coupling agent. The surface 
treated inorganic ?ller may be used singly or in admixture of 
tWo or more kinds. It is possible to use a mixture of a 
surface-treated inorganic ?ller and a surface-non-treated 
inorganic ?ller. The amount of the inorganic ?ller is pref 
erably 74 to 94% by Weight in the total composition from the 
vieWpoint of the balance of moldability and reliability. 

The curing accelerator used in the present invention can 
be any compound capable of accelerating the curing reaction 
betWeen epoxy group and phenolic hydroxyl group. Curing 
accelerators ordinarily used in resins for semiconductor 
encapsulation can be used. 

There can be mentioned, for example, 1,8-diaZabicyclo 
(5,4,0)undecene-7, triphenylphosphine and 
2-methylimidaZole. They can be used singly or in admixture. 
The amount of the curing accelerator used is preferably 0.1 
to 1% by Weight in the total composition. 
A coupling agent can be used in the present invention. As 

to the coupling agent, there is no particular restriction. 
HoWever, there are preferred, for example, silane coupling 
agents such as y-glycidoxypropyltri-methoxysilane, 
y-aminopropyltrimethoxysilane, 
y-mercaptopropyltrimethoxysilane, vinyltriethoxysilane and 
the like. As the coupling agent used for surface-treating the 
inorganic ?ller, amino type silane coupling agents are pre 
ferred. These coupling agents may be used singly or in 
admixture. Even When an inorganic ?ller surface-treated 
With a coupling agent is used, it is possible to further add a 
coupling agent at the time of premixing. 
A ?ame retardant can be used in the present invention. 

The ?ame retardant can be exempli?ed by antimony oxides 
such as antimony trioxide, antimony pentoxide and the like; 
bromine compounds such as brominated epoxy resin and the 
like; metal compounds such as aluminum hydroxide, mag 
nesium hydroxide, Zinc borate and the like; phosphorus 
compounds such as phosphoric acid ester, red phosphorus 
and the like; and nitrogen compounds such as melamine and 
the like. HoWever, the ?ame retardant is not restricted 
thereto. 
A releasing agent can be used in the present invention. 

The releasing agent can be exempli?ed by higher fatty acid 
esters such as carnauba Wax, montanic acid ester and the 
like; higher fatty acids such as stearic acid, montanic acid 
and the like; metal salts of higher fatty acids, such as Zinc 
stearate, calcium montanate and the like; higher fatty acid 
amides such as N-stearylstearamide, ethylenebisstearamide, 
m-xylylenebisstearamide and the like; and polyole?n com 
pounds such as polyethylene, oxidiZed polyethylene and the 
like. HoWever, the releasing agent is not restricted thereto. 
An ion-trapping agent can be used in the present inven 

tion. The ion-trapping agent is a compound added in order 
to trap, for example, a cation such as sodium ion, potassium 
ion or the like or an anion such as chlorine ion, bromine ion 
or the like and prevent corrosion of a chip, and can be 
exempli?ed by hydrotalcites, bismuth oxides and antimony 
pentoxide. HoWever, the ion-trapping agent is not restricted 
thereto. 
A coloring agent can be used in the present invention. The 

coloring agent can be exempli?ed by organic dyes and 
organic pigments such as carbon black, aZo compound and 
phthalocyanine compound. 
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A loW-stress compound can be used in the present inven 
tion. The loW-stress agent is a loW-elasticity substance added 
in order to reduce the stress appearing in molding of epoxy 
resin composition or the stress appearing in heating or 
cooling of cured material, and can be exempli?ed by organic 
rubbers (e. g. polybutadiene and acrylonitrile-butadiene 
copolymer rubber) and silicone rubbers (e .g. 
polydimethylsiloxane). HoWever, the loW-stress agent is not 
restricted thereto. 

The main components used in the epoxy resin composi 
tion of the present invention, such as epoxy resin, phenolic 
resin, inorganic ?ller and the like are each Weighed by a 
given amount and then premixed using a Henschel mixer or 
the like. The resulting premix is ground using a grinder to 
make ?ner the individual components and achieve their 
homogeneous dispersion. Other components such as ?ame 
retardant, releasing agent, ion-trapping agent, coloring 
agent, loW-stress agent and the like are used ordinarily each 
in a small amount of 5% by Weight or less in the epoxy resin 
composition; despite such a small amount, each of these 
components is made ?ner and dispersed homogeneously in 
the epoxy resin composition, by the grinding With a grinder, 
conducted after the premixing. 

The ground material obtained by grinding With a grinder 
needs to have such a particle siZe distribution that particles 
having particle diameters of 250 pm or more are 10% by 
Weight or less, particles having particle diameters of 150 pm 
to less than 250 pm are 15% by Weight or less and particles 
having particle diameters of less than 150 pm are 75% by 
Weight or more. The ground material preferably contains, in 
the acetone insoluble, particles having particle diameters of 
212 pm or more, in an amount of 0.5% by Weight or less. 

When, in the particle siZe distribution, the particles having 
particle diameters of 250 pm or more are more than 10% by 
Weight, the particles having particle diameters of 150 pm to 
less than 250 pm are more than 15% by Weight and the 
particles having particle diameters of less than 150 pm are 
less than 75% by Weight, the ground material does not 
become a uniform dispersion in the step of melt-kneading 
and, When the resulting composition is used for encapsula 
tion of a semiconductor chip, the semiconductor device 
obtained has voids and accordingly defects. When the 
ground material contains, in the acetone insoluble, particles 
having particle diameters of 212 pm or more, in an amount 
of more than 0.5% by Weight and the resulting composition 
is used for encapsulation of a chip, the semiconductor device 
obtained may have voids. 

The particle siZe distribution of the ground material is 
determined by using tWo kinds of sieves each having an 
opening of 250 pm or 150 pm, a sample amount of 6 g each 
time, and a poWder tester produced by HosokaWa Micron K. 
K. (amplitude: 1 mm, frequency: 3,000 vpm, 60 seconds). 

The acetone insoluble of the ground material is deter 
mined as folloWs. 200 cc of acetone (purity: 99.5% or more) 
and 100 g of a ground material are placed in a container; the 
container is shaken at normal temperature using a shaker 
produced by Yamato KK. (frequency: 3 HZ, shaking time: 
20 minutes) to disperse the ground material in acetone; the 
resulting suspension is passed through a sieve having an 
opening of 212 pm; the insoluble remaining on the sieve is 
dried and then Weighed and the percentage of the resulting 
Weight to the Weight of the ground material is taken as the 
acetone insoluble of the ground material. 
As to the grinder, there is no particular restriction as long 

as an intended particle siZe distribution can be obtained 
thereWith. HoWever, there are preferred vibration ball mill, 
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6 
closed multi-stage shear extruder, continuous type rotary 
ball mill, batch type rotary ball mill, corundum mill, jet mill, 
roller mill, etc. They may be used in combination. A grinder 
having a cooling mechanism is preferred in order to prevent 
the melting or softening of resin components during grind 
mg. 
The ground material is then melt-kneaded. As the kneader 

used in the melt-kneading, there can be used, for example, 
ordinary kneaders such as biaxial kneader, monoaxial 
kneader (including co-kneader) and the like. Akneader With 
a heating mechanism is preferred, and a biaxial kneader or 
a monoaxial kneader is more preferred. 
The melt-kneading using such a kneader is conducted 

under a reduced pressure. It is also possible to conduct 
melt-kneading and then expose the resulting molten material 
to a reduced pressure. There is no particular restriction as to 
the method for applying a reduced pressure. HoWever, it is 
preferred to apply a reduced pressure in a state that the 
melt-kneaded resin composition stays molten. It is also 
preferred to use such a structure that the molten resin 
composition is not sucked into a vacuum pump system. 
When the molten composition after melt-kneading is 

exposed to a reduced pressure, it can be conducted, for 
example, by providing, at the front of a kneader, a facility in 
Which a box (called a cascade) and an extruder are 
integrated, and discharging air from the cascade using a 
vacuum pump, to make vacuum the inside of the facility to 
continuously produce an intended composition. It is also 
possible to conduct kneading and cooling using a kneader, 
then heating and melting the kneaded material, and exposing 
the molten material to a reduced pressure. 

The present inventors found out that the voids appearing 
in molding of a resin composition can be greatly reduced by 
conducting melt-kneading by a kneader under a reduced 
pressure, or by exposing the molten resin composition 
obtained from melt-kneading by a kneader, to a reduced 
pressure. The ?rst reason therefor is considered to be that the 
reduced pressure can effectively remove the Water and 
organic volatile component in the resin composition and 
therefore the generation of volatile components in molding 
(this leads to generation of voids) is minimiZed. The second 
reason is considered to be that the reduced pressure can 
prevent the trapping of air in kneading of a large amount of 
fused silica and a resin component of loW melt viscosity or 
can remove the bubbles of trapped air. The trapped air is 
considered to include not only the air trapped by mere 
physical stirring but also the air bubbles generated by the 
volume change taking place When an epoxy resin melts and 
suddenly becomes a liquid. It is considered that removal of 
air bubbles becomes easier by making the resin composition 
components ?ner and more homogeneous prior to kneading. 
The reduced pressure used in melt-kneading is 460 mmHg 

or less, preferably 310 mmHg or less When normal pressure 
is 760 mmHg. When the reduced pressure is higher than 460 
mmHg, voids reduction during molding is loW and it may 
not be possible to obtain a suf?cient effect. 

In the process for producing an epoxy resin composition 
for semiconductor encapsulation according to the present 
invention, steps other than those mentioned above can be 
carried out by knoWn procedures. The semiconductor device 
of the present invention can be produced by a knoWn 
process. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention is described speci?cally beloW by 
shoWing Examples. HoWever, the present invention is in no 
Way restricted by the folloWing Examples. 



US 6,733,901 B2 

Basic formulation 

Biphenyl type epoxy resin 
(YX4000H, a product of Yuka Shell Epoxy 
Kabushiki Kaisha, melting point: 105° C., epoxy 
equivalent: 195) 
Phenol aralkyl resin 
(XLC-4L, a product of Mitsui Chemicals, Inc., 
melt viscosity at 150° C.: 1.1 poise, hydroxyl 
equivalent: 170) 
Brominated phenol novolac type epoxy resin 
(softening point: 85° C., epoxy equivalent: 
280) 
1,8-Diazabicyclo (5, 4, 0)undecene-7 
Fused silica 
Antimony trioxide 
Carnauba Wax 

Carbon black 

4.5 parts by Weight 

4.5 parts by Weight 

1.0 part by Weight 

0.2 part by Weight 
86.0 parts by Weight 
1.0 part by Weight 
0.5 part by Weight 
0.3 part by Weight 

Evaluation Methods 
1. Evaluation Methods for Ground Material 
Acetone insoluble 

200 cc of acetone (purity: 99.5% or more) and 100 g of 
a ground material Were placed in a container; the container 
Was shaken at normal temperature using a shaker produced 
by Yamato K.K. (frequency: 3 Hz, shaking time: 20 minutes) 
to disperse the ground material in acetone; the resulting 
suspension Was passed through a sieve having an opening of 
212 pm; the insoluble remaining on the sieve Was dried and 
then Weighed and the percentage of the resulting Weight to 
the Weight of the ground material Was taken as the acetone 
insoluble of the ground material. 
Particle Size Distribution 

Particle size Was determined by using a tester (a poWder 
tester produced by HosokaWa Micron K.K., amplitude: 1 
mm, frequency: 3,000 vpm, time: 60 seconds, openings of 
tWo kinds of sieves used: 250 pm and 150 pm, sample 
amount: 6 g each time). 
Dispersion Degree of Composition Components 
A sample (obtained by subjecting a ground material to 

compression molding at 100 kg/cm2 at room temperature for 
60 seconds, curing the compression-molded material at 100° 
C. for 48 hours, embedding the cured material With an epoxy 
resin, then subjecting the resulting material to polishing and 
scratch polishing, and vapor-depositing carbon on the pol 
ished material) Was determined for standard deviation of 
silica strength distribution using an analyzer (Electron Probe 
Microanalyzer, a product of Japan Electron Optical Labo 
ratory Co., Ltd.); and the standard deviation Was taken as an 
index of the dispersion degree of the composition compo 
nents of the sample. A larger value of dispersion degree 
refers to more ununiform dispersion. 
2. Evaluation Methods for Epoxy Resin Composition 
Number of Voids 
A semiconductor package of 160p QFP (body size: 28 

mm><28 mm, package thickness: 3.6 mm, IC chip size: 15 
mm><15 mm) Was formed by encapsulation; the number of 
voids (having major diameters of 0.1 mm or more) present 
in the semiconductor package Was examined by an ultra 
sonic ?aW detector; and the number of voids per package 
Was counted. The transfer molding conditions used for 
forming the semiconductor package Were die temperature 
=175° C.; injection pressure =100 kg/cm2; injection time 
=15 seconds; pressure-holding time=120 seconds; and mate 
rial preheating temperature =80° C. 
Fluidity 
An epoxy resin composition for semiconductor encapsu 

lation Was measured for spiral ?oW using a transfer molding 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
machine ?tted With a die for spiral ?oW measurement based 
on EMMI-I-66. The transfer molding conditions Were die 
temperature =175° C.; injection pressure =70 kg/cm2; and 
pressure-holding and curing time =120 seconds. 
Dispersion Degree of Composition Components 
A sample (obtained by subjecting an epoxy resin compo 

sition for semiconductor encapsulation after melt-kneading 
to compression molding at 170° C. at 30 kg/cm2 for 120 
seconds, embedding the compression-molded material With 
an epoxy resin, then subjecting the resulting material to 
polishing and scratch polishing, and vapor-depositing car 
bon on the polished material) Was determined for standard 
deviation of silica strength distribution using an analyzer 
(Electron Probe Microanalyzer, a product of Japan Electron 
Optical Laboratory Co., Ltd.); and the standard deviation 
Was taken as an index of the dispersion degree of the 
composition components of the sample. 
Volatile Content 
An epoxy resin composition powder after grinding Was 

Weighed by 5 g to an accuracy of 0.1 mg in an aluminum 
cup. Then, a heat treatment Was conducted for 3 hours in an 
thermostat of 105 12° C. The composition after heat treat 
ment Was alloWed to cool in a desiccator for 30 minutes, 
after Which it Was Weighed to an accuracy of 0.1 mg. Volatile 
content Was determined using the folloWing formula. 

Volatile content (%)={[initial Weight (g)-Weight after heat treat 
ment (g)]><100}/initial Weight (g) 

Granule Density 
A given amount of distilled Water and feW drops of a 

surfactant Were ?lled in a 50-cc pycnometer, and the pyc 
nometer Was Weighed. Into the pycnometer Was placed a 
sample Which had been obtained by passing an epoxy resin 
composition poWder through a sieve having an opening of 
500 pm and then Weighing 5 g of the material remaining on 
the sieve, to an accuracy of 0.1 mg. Then, the total Weight 
of the pycnometer Was Weighed. Granule density Was deter 
mined using the folloWing calculation formula. 

PW: density (g/cc)of distilled Water at the measurement 
temperature 

MW: Weight (g) of pycnometer ?lled With distilled Water 
Mp: Weight (g) of sample 
Mt: Weight (g) of pycnometer ?lled With distilled Water, 

surfactant and sample 

EXAMPLE 1 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature. The resulting premix Was ?nely 
ground using a closed multi-stage shear extruder (a continu 
ous kneader and extruder, KCK80X2V, a product of KCK 
K.K., rotary blade diameter: 80 mm, four blades, number of 
blade rotations: 300 rpm, discharge amount: 20 kg/hr) With 
the material temperature being kept at 30° C. or less. The 
resulting ground material Was melt-kneaded using an inter 
meshing co-rotating tWin screW kneader (screW diameter D: 
50 mm, kneader shaft length: 600 mm, length of melt 
kneading section: 6D, number of screW rotations: 100 rpm, 
discharge amount: 15 kg/hr) With the kneader inside being 
kept at a reduced pressure of 60 mmHg (When normal 
pressure Was 760 mmHg) by a vacuum pump. The dis 
charged material Was passed through a thickness-controlling 
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roll (sheeting roll) to obtain a sheet of 2 mm in thickness. 
The sheet Was cooled and ground to obtain an epoxy resin 
composition. 

In Table 1 are shoWn the evaluation results for the ground 
material obtained by premixing and grinding and the epoxy 
resin composition obtained by melt-kneading the ground 
material at a reduced pressure. 

EXAMPLE 2 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 
Example 1. The resulting premix Was ?nely ground using a 
continuous type rotary ball mill (Dynamic Mill MYD 25, a 
product of Mitsui Mining Co., Ltd., number of screW 
rotations: 500 rpm, ball diameter: 10 mm, discharge amount: 
200 kg/hr) With the material temperature being kept at 30° 
C. or less. The resulting ground material Was melt-kneaded 
using a monoaxial kneader (screW diameter D: 46 mm, 
kneader shaft length: 500 mm, length of melt-kneading 
section: 7D, number of screW rotations: 200 rpm, discharge 
amount: 30 kg/hr). Then, the molten resin composition from 
the monoaxial kneader Was passed through a facility 
(connected to the front end of the kneader) in Which a box 
(called a cascade) and an extruder Were integrated, With the 
facility inside being exposed to a reduced pressure (60 
mmHg When normal pressure Was 760 mmHg) by discharg 
ing air from the cascade using a vacuum pump. The dis 
charged material from the extruder of the facility Was passed 
through a thickness-controlling roll (sheeting roll) to obtain 
a sheet of 2 mm in thickness. The sheet Was cooled and 
ground to obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

EXAMPLE 3 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 

Example 1. The resulting premix Was ?nely ground for 20 
minutes using a batch type rotary ball mill (Ball Mill 200, a 
product of Chuo Kakoki Shoji, number of rotations: 30 rpm, 
ball diameter: 25 mm, treating capacity: 30 kg/batch) With 
the material temperature being kept at 30° C. or less. The 
resulting ground material Was melt-kneaded using an inter 
meshing co-rotating tWin screW kneader (screW diameter D: 
50 mm, kneader shaft length: 600 mm, length of melt 
kneading section: 6D, number of screW rotations: 100 rpm, 
discharge amount: 15 kg/hr) With the kneader inside being 
kept at a reduced pressure of 60 mmHg (When normal 
pressure Was 760 mmHg) by a vacuum pump. The dis 
charged material from the kneader Was passed through a 
thickness-controlling roll (sheeting roll) to obtain a sheet of 
2 mm in thickness. The sheet Was cooled and ground to 
obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

EXAMPLE 4 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 
Example 1. The resulting premix Was ?nely ground using a 
roller mill (HH 178, a product of Inoue Seisakusho, three 
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10 
rolls, number of front roll rotations: 80 rpm, discharge 
amount: 50 kg/hr) With the material temperature being kept 
at 30° C. or less. The resulting ground material Was melt 
kneaded using a monoaxial kneader (screW diameter D: 46 
mm, kneader shaft length: 500 mm, length of melt-kneading 
section: 7D, number of screW rotations: 200 rpm, discharge 
amount: 30 kg/hr). Then, the molten resin composition from 
the monoaxial kneader Was passed through a facility 
(connected to the front end of the kneader) in Which a box 
(called a cascade) and an extruder Were integrated, With the 
facility inside being exposed to a reduced pressure (60 
mmHg When normal pressure Was 760 mmHg) by discharg 
ing air from the cascade using a vacuum pump. The dis 
charged material from the extruder of the facility Was passed 
through a thickness-controlling roll (sheeting roll) to obtain 
a sheet of 2 mm in thickness. The sheet Was cooled and 
ground to obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

EXAMPLE 5 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
{capacity: 200 liters, number of rotations: 500 rpm} main 
tained at room temperature in the same manner as in 

Example 1. The resulting premix Was ?nely ground using a 
roller mill (HH 178, a product of Inoue Seisakusho, three 
rolls, number of front roll rotations: 80 rpm, discharge 
amount: 50 kg/hr) With the material temperature being kept 
at 30° C. or less. The resulting ground material Was melt 
kneaded using a monoaxial kneader (screW diameter D: 46 
mm, kneader shaft length: 500 mm, length of melt-kneading 
section: 7D, number of screW rotations: 200 rpm, discharge 
amount: 30 kg/hr). Then, the molten resin composition from 
the monoaxial kneader Was passed through a facility 
(connected to the front end of the kneader) in Which a box 
(called a cascade) and an extruder Were integrated, With the 
facility inside being exposed to a reduced pressure (410 
mmHg When normal pressure Was 760 mmHg) by discharg 
ing air from the cascade using a vacuum pump. The dis 
charged material from the extruder of the facility Was passed 
through a thickness-controlling roll (sheeting roll) to obtain 
a sheet of 2 mm in thickness. The sheet Was cooled and 
ground to obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

Comparative Example 1 
RaW materials Weighed so as to satisfy the basic formu 

lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 
Example 1. The resulting premix Was melt-kneaded using a 
monoaxial kneader (screW diameter D: 46 mm, kneader 
shaft length: 500 mm, length of melt-kneading section: 7D, 
number of screW rotations: 200 rpm, discharge amount: 30 
kg/hr). Then, the molten resin composition from the mono 
axial kneader Was passed through a facility (connected to the 
front end of the kneader) in Which a box (called a cascade) 
and an extruder Were integrated. The discharged material 
from the extruder of the facility Was passed through a 
thickness-controlling roll (sheeting roll) to obtain a sheet of 
2 mm in thickness. The sheet Was cooled and ground to 
obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

Comparative Example 2 
RaW materials Weighed so as to satisfy the basic formu 

lation Were premixed for 20 minutes using a Henschel mixer 
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(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 

Example 1. The resulting premix Was ?nely ground using a 
corundum mill (T-2A, a product of Taiheiyo Kiko, number 
of rotations: 100 rpm, discharge amount: 100 kg/hr) With the 
material temperature being kept at 30° C. or less. The 
resulting ground material Was melt-kneaded using a mono 
axial kneader (screW diameter D: 46 mm, kneader shaft 
length: 500 mm, length of melt-kneading section: 7D, num 
ber of screW rotations: 200 rpm, discharge amount: 30 
kg/hr). Then, the molten resin composition from the mono 
axial kneader Was passed through a facility (connected to the 
front end of the kneader) in Which a box (called a cascade) 
and an extruder Were integrated. The discharged material 
from the extruder of the facility Was passed through a 
thickness-controlling roll (sheeting roll) to obtain a sheet of 
2 mm in thickness. The sheet Was cooled and ground to 
obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

Comparative Example 3 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 
Example 1. The resulting premix Was melt-kneaded using an 
intermeshing co-rotating tWin screW kneader (screW diam 
eter D: 50 mm, kneader shaft length: 600 mm, length of 
melt-kneading section: 6D, number of screW rotations: 100 
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50 mm, kneader shaft length: 600 mm, length of melt 
kneading section: 6D, number of screW rotations: 100 rpm, 
discharge amount: 15 kg/hr) Without exposing the kneader 
inside to a reduced pressure. The discharged material from 
the kneader Was passed through a thickness-controlling roll 
(sheeting roll) to obtain a sheet of 2 mm in thickness. The 
sheet Was cooled and ground to obtain an epoxy resin 
composition. 

In Table 1 are shoWn the evaluation results. 

Comparative Example 5 

RaW materials Weighed so as to satisfy the basic formu 
lation Were premixed for 20 minutes using a Henschel mixer 
(capacity: 200 liters, number of rotations: 500 rpm) main 
tained at room temperature in the same manner as in 
Example 1. The resulting premix Was melt-kneaded using an 
intermeshing co-rotating tWin screW kneader (screW diam 
eter D: 50 mm, kneader shaft length: 600 mm, length of 
melt-kneading section: 6D, number of screW rotations: 100 
rpm, discharge amount: 15 kg/hr) With the kneader inside 
being kept at a reduced pressure of 60 mmHg (When normal 
pressure Was 760 mmHg) by a vacuum pump. Then, the 
molten resin composition from the biaxial kneader Was 
passed through a thickness-controlling roll (sheeting roll) to 
obtain a sheet of 2 mm in thickness. The sheet Was cooled 
and ground to obtain an epoxy resin composition. 

In Table 1 are shoWn the evaluation results. 

Comparative Example 6 

rpm, discharge amount: 15 kg/hr) Without exposing the 30 RaW materials Weighed so as to satisfy the basic formu 
kneader inside to a reduced pressure. The discharged mate- latlon were premlxed for 20 mmutes ‘5mg a Henschel m1)?“ 
rial from the kneader Was passed through a thickness- (chpacltyi 200 hters> number 9f rotatlons: 500 rpm) mam‘ 
controlling roll (sheeting roll) to obtain a sheet of 2 mm in tamed at room temperature 1_n the Same manner as m 
thickness. The sheet Was cooled and ground to obtain an Example 1' The resultmg premlx Was melt'kneaded uslng a 
epoxy resin Composition 35 monoax1al kneader (screW diameter D: 46 mm, kneader 

. shaft length: 500 mm, length of melt-kneading section: 7D, 
In Table 1 are shoWn the evaluation results. - _ - _ 

number of screW rotations. 200 rpm, discharge amount. 30 
Com arative Exam 1e 4 kg/hr). Then, the molten resin composition from the mono 

p p axial kneader Was passed through a facility (connected to the 
RaW materials Weighed so as to satisfy the basic formu- 4O hoht ehd of the kheadeh) 1h Whleh a hex (eahed_a_ easeaete) 

lation Were premixed for 20 minutes using a Henschel mixer and ah eXtrhder Were lhtegrated, Wlth the faelhty lhslde 
(capacity: 200 liters, number of rotations: 500 rpm) main- helhg exposed to a reduced presshre (60_ IhIhHg Wheh 
tained at room temperature in the same manner as in honhal preeshre Was 760 mmHg) by dlseharglhg ah from the 
Example 1. The resulting premix Was ?nely ground using a Cascade hslhg a Vaehhth PhIhP; The (hseharged thatenal 
vibration ball mill (YAMT-20, aproduct of YasukaWa Shoji, hem the eXtrhder of the faelhty Was Passed through a 
frequency; 16 HZ, treating Capacity; 50 kg/hr) With the 45 thickness-controlling roll (sheeting roll) to obtain a sheet of 
material temperature being kept at 30° C. or less. The 2 Ihhl ih thiekheSS-_ The Sheet Was Cooled ahd grohhd t0 
resulting ground material Was melt-kneaded using an inter- Ohtalh ah ePOXY reslh e0IhP051t10h~ 
meshing co-rotating tWin screW kneader (screW diameter D: In Table 1 are shoWn the evaluation results. 

TABLE 1 

F amnles Comparative F amnles 

1 2 3 4 5 1 2 3 4 5 6 

Grinder used after premixing (1) (2) (3) (4) (4) — (5) — (6) — — 

(Note 1) 
Kneader Kind Bi- Mono- Bi- Mono- Mono- Mono- Mono- Bi- Bi- Bi- Mono 

axial axial axial axial axial axial axial axial axial axial axial 
Length of 6D 7D 6D 7D 7D 7D 7D 6D 6D 6D 7D 
kneading section 
Pressure reduction Yes Yes Yes Yes Yes No No No No Yes Yes 
(mmHg) 60 60 60 60 410 760 760 760 760 60 60 

Properties of Particle size 
materials distribution (%) 

fed into kneader 250 ,um or more 2 2 5 3 3 19 3 19 4 19 19 

150-250 [um 10 13 9 14 14 18 10 18 12 18 18 
Less than 150 [um 88 85 86 83 83 63 87 63 84 63 63 
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TABLE l-continued 

F amnles Comparative F amnles 

1 2 3 4 5 1 2 3 4 5 6 

Acetone insoluble 0.1 0.1 0.2 0.1 0.1 3.1 0.2 3.1 0.1 3.1 3.1 

<%) 
Dispersion degree 84 88 86 84 84 99 83 99 85 99 99 

(standard deviation) 
(Note 2) 

Properties of Number of 3 5 4 3 7 41 13 43 10 15 17 
epoxy resin voids per package 
composition Dispersion degree 36 37 36 35 34 40 34 40 35 39 41 
after (standard deviation) 
melt-kneading Spiral floW (cm) 125 124 127 127 125 128 130 127 125 122 123 

Volatile content (‘70) 0.07 0.07 0.08 0.07 0.09 0.12 0.11 0.13 0.12 0.08 0.07 
Granule density 1.983 1.982 1.986 1.985 1.930 1.843 1.852 1.844 1.847 1.911 1.915 
(g/CC) 

(Note 1) Grinder: 
: Closed multi-stage shear extruder 
: Continuous type rotary ball mill 
: Batch type rotary bell mill 
: Roller mill 
: Corundum mill 

(6): Vibration ball mill 
(Note 2) Dispersion degree: Standard deviation of silica strength distribution Was used as the dispersion degree of composition compo 
nents. 

As clear from the above Examples, in the present 
invention, since individual components are uniformly dis 
persed Without proceeding of curing reaction in production 
of an epoxy resin composition for semiconductor 
encapsulation, the obtained epoxy resin composition shoWs 
sufficient ?uidity When used in encapsulation of a chip for 
production of a semiconductor package; further, since melt 
kneaded material is exposed to a reduced pressure, air 
trapped in the heating and kneading step and air bubbles 
formed in melting of a crystalline resin during kneading and 
molding can be removed from the resin component effi 
ciently; thus, an epoxy resin composition for semiconductor 
encapsulation extremely loW in voids generation and supe 
rior in moldability can be produced stably. 
What is claimed is: 
1. Aprocess for producing an epoxy resin composition for 

semiconductor encapsulation, Which comprises premixing 
raW materials containing at least an epoxy resin, a phenolic 
resin, a curing accelerator and an inorganic ?ller, then 
grinding the resulting premix using a grinder to obtain a 
ground material having such a particle size distribution that 
particles having particle diameters of 250 pm or more are 
10% by Weight or less, particles having particle diameters of 
150 pm to less than 250 pm are 15% by Weight or less and 
particles having particle diameters of less than 150 pm are 
75% by Weight or more, and melt-kneading the ground 
material under a reduced pressure. 

2. Aprocess for producing an epoxy resin composition for 
semiconductor encapsulation, Which comprises premixing 
raW materials containing at least an epoxy resin, a phenolic 
resin, a curing accelerator and an inorganic ?ller, then 
grinding the resulting premix using a grinder to obtain a 
ground material having such a particle size distribution that 
particles having particle diameters of 250 pm or more are 
10% by Weight or less, particles having particle diameters 
of150 pm to less than 250 pm are 15% by Weight or less and 
particles having particle diameters of less than 150 pm are 
75% by Weight or more, melt-kneading the ground material, 
and exposing the resulting molten material to a reduced 
pressure. 

3. Aprocess for producing an epoxy resin composition for 
semiconductor encapsulation according to claim 1 or 2, 
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Wherein the reduced pressure is 460 mmHg or less When 
normal pressure is 760 mmHg. 

4. Aprocess for producing an epoxy resin composition for 
semiconductor encapsulation according to claim 1 or 2, 
Wherein the melt-kneading is conducted by using a biaxial 
kneader or a monoaxial kneader. 

5. Aprocess for producing an epoxy resin composition for 
semiconductor encapsulation according to claim 1 or 2, 
Wherein the ground material contains, in an acetone 
insoluble, particles having particle diameters of 212 pm or 
more, in an amount of 0.5% by Weight or less. 

6. An epoxy resin composition for semiconductor 
encapsulation, produced by the process , set forth in claim 1 
or 2. 

7. An epoxy resin composition for semiconductor 
encapsulation, produced by the process , set forth in claim 3. 

8. An epoxy resin composition for semiconductor 
encapsulation, produced by the process , set forth in claim 4. 

9. An epoxy resin composition for semiconductor 
encapsulation, produced by the process , set forth in claim 5. 

10. A semiconductor device produced by using the epoxy 
resin composition for semiconductor encapsulation set forth 
in claim 6. 

11. A semiconductor device produced by using the epoxy 
resin composition for semiconductor encapsulation set forth 
in claim 7. 

12. A semiconductor device produced by using the epoxy 
resin composition for semiconductor encapsulation set forth 
in claim 8. 

13. A semiconductor device produced by using the epoxy 
resin composition for semiconductor encapsulation set forth 
in claim 9. 

14. A semiconductor device encapsulated by the compo 
sition of claim 6. 

15. A semiconductor device encapsulated by the compo 
sition of claim 7. 

16. A semiconductor device encapsulated by the compo 
sition of claim 8. 

17. A semiconductor device encapsulated by the compo 
sition of claim 9. 


